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Effects of oral neomycin and kanamycin in chronic uremic patients:
IL. Nitrogen balance. Nitrogen balance was studied for five to
seven days before and during oral administration of neomycin or
kanamycin to 14 patients with severe chronic renal failure who
were receiving long-term nutritional therapy consisting of protein
restriction and supplements of essential amino acids or their nitro-
gen-free analogues. There was a significant improvement in nitro-
gen balance during the antibiotic period when compared to the
control period, averaging +0.80 g of N per day (P < 0.005). There
was no significant change in average dietary nitrogen, fecal nitro-
gen, the excretion of non-urea urinary nitrogen, or urea appear-
ance (defined as the sum of urinary urea and the change in the urea
pool) during the antibiotic period. However, total nitrogen intake
increased by 0.47 g per day owing to nitrogen contained in the
drugs. The lack of a change in fecal nitrogen implies that fecal
nitrogen not attributable to the drug must have fallen sub-
stantially. We conclude that oral neomycin and kanamycin may
improve nitrogen balance in patients with severe chronic renal
failure by diminishing endogenous fecal nitrogen.
Effets de Ia néomycine et de Ia kanamycine administrés par voie
orale a des malades atteints d'urémie chronique : II. Bilan d'azote.
Le bilan d'azote a étó étudié pendant cinq a sept jours avant puis
au cours de l'administration orale de néomycine et de kanamycine
a 14 malades atteints d'insuffisance rénale chronique sévère et qui
étaient soumis a une diététique au long cours comportant une
restriction de protéines et I'adjonction d'acides aminés essentiels
ou de leurs analogues dépourvus d'azote. Le bilan d'azote a été
significativement amélioré au cours de l'administration
d'antibiotiques par comparaison a Ia période contrôle, Ia moyenne
a été de + 0,80g N par jour (P < 0,005). II n'y a pas eu de
difference significative de l'azote alimentaire moyen, de l'azote
fécal, de l'excrétion urinaire d'azote non uréique ou de l'apparition
d'urée (définie comme Ia somme de l'urée urinaire et de Ia modifi-
cation du pool d'urée) au cours de l'administration
d'antibiotiques. L'ingestion totale d'azote a cependant augmenté
de 0,47 g par jour en raison de l'azote contenu dans les drogues.
L'absence de modification de l'azote fécal implique que l'azote
fécal dont les drogues n'étaient pas responsables a du diminuer
nettement. Nous concluons que Ia néomycine et Ia kanamycine
administrés par voie orale peuvent améliorer le bilan d'azote chez
des malades atteints d'insuffisance rénale sévère en diminuant
l'azote fécal endogene.
In previous studies it was found that oral adminis-
tration of tetracyclines, streptomycin, and/or penicil-
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un can improve growth in malnourished children [1],
premature infants [2, 3], school children [4], and
exercising adults [5]. These results suggest that sUp-
pression of intestinal bacteria can improve nitrogen
(N) balance. There are several possible mechanisms
for this effect, including 1) a change in fecal nitrogen
[6], 2) altered urinary excretion of nitrogenous sub-
stances other than urea [7, 8], 3) reduced turnover of
intestinal mucosal cells [9], 4) decreased production
of gastrointestinal tract bacterial products that may
affect metabolism [10,11], 5) reduced ammonia pro-
duction from ureolysis by intestinal bacteria [12].
In attempting to suppress urea degradation in
uremic patients by giving non-absorbable oral antibi-
otics [13], we found that nitrogen balance improved.
In this paper we have examined the components of
nitrogen balance that could account for this finding.
Methods
The full nature, purpose, and potential hazards of
the investigation were explained to the patients and
their written consent obtained before the study. Daily
plasma concentrations of neomycin and kanamycin
were measured, and the drug was discontinued if a
plasma concentration of more than 5 tg/ml of neo-
mycin or 8 tg/ml of kanamycin was detected. Fur-
ther details of drug dosage and assay are given in the
accompanying paper [13].
The patients, experimental design, and methods for
measuring urea appearance are also presented in the
accompanying paper [13]. As was noted, the patients
in this study had received the same nutritional regi-
men for at least two weeks before these experiments
were begun. Protein and calorie intake did not
change with antibiotic administration. The methods
for measuring and calculating nitrogen balance were
the same as previously reported from this laboratory
[14]. Nitrogen balance measurements were made for
five to seven days during control and antibiotic pen-
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ods. In the latter period, the measurement was not
begun until two days after starting antibiotics.
The nitrogen content of neomycin sulfate tablets
was measured by the automated Dumas method [14]
as 9.1% of neomycin base. Kanamycin was 9.2% ni-
trogen, with each capsule containing an additional 6.8
mg of nitrogen. Daily urinary protein was measured
after precipitation with trichloracetic acid. The pre-
cipitate was washed and then dissolved in dilute al-
kali, and protein concentration was measured by the
biuret reaction. Protein nitrogen was calculated as
16% of protein. This method is more reliable than the
method we previously used [14]. Undetermined
urinary nitrogen (total nitrogen minus nitrogen from
protein, uric acid, creatinine, and urea) averaged 9
1.2% SEM of total urinary nitrogen. Attempts were
made to measure the antibiotic content of the feces
using both a microbiologic and an enzymatic assay
[13].
Results
Patients tolerated the antibiotics well. There were
no instances of diarrhea, but one patient complained
of a feeling of abdominal fullness on the third day of
antibiotics, Another patient experienced episodic
vomiting before, during, and after neomycin adminis-
tration. This prevented nitrogen balance determina-
tion, and her data are therefore not included, Patient
1 was in strongly negative nitrogen balance, without
evidence of infection, gastrointestinal bleeding, or
other apparent catabolic stress.
The components of nitrogen balance are shown in
Table 1. In control observations balance was negative
(—0.98 0.45 g of N/day, P < 0.05). In 12 of 14
patients studied (including three who were in positive
balance in the control period), nitrogen balance im-
proved, and this change was significant for the group
(mean change +0.80 + 0.23 g of N/day). Mean bal-
ance during antibiotics was —0.18 + 0.29 g of N/day,
insignificantly different from zero. Thus antibiotics
changed nitrogen balance on the average from nega-
tive to neutral.
The difference in dietary nitrogen was not signifi-
cant between the control and antibiotic periods, but
because of the nitrogen contained in the antibiotics
(average 0.51 + 0.07 g of N/day) total nitrogen in-
take increased by 0.47 g of N/day. There was no
correlation, however, between this change in total
nitrogen intake and the change in nitrogen balance (r
= 0.404, NS).
On the average, there was no significant change in
excretion of non-urea urinary nitrogen during antibi-
otic administration. Urinary protein nitrogen excre-
tion averaged 0.32 + 0.05 g/day during control ob-
servations and was not correlated with the
glomerular filtration rate (GFR). It decreased by 0.05
0.01 g/day during antibiotic administration. This
small change was statistically significant (P < 0.01),
although no explanation is apparent.
As previously reported [13], urea nitrogen appear-
ance did not significantly change during the antibiotic
period (mean U = 0.32 0.21 g of N/day). There
was a negative correlation, however, between individ-
ual changes in urea appearance and changes in nitro-
Table 1. Components of nitrogen balance of individual patients during control and antibiotic administration periods
Patient no.
1
gofN/day
Control Change
U
gofN/day
Control Change
NUUN
gofN/day
Control Change
F
gofN/day
Control Change
bN
gofN/day
Control Change
SUN
mg/dl
Control Change
1" 4.35 +1.03 6.49 —0.97 1.07 —0.14 1.50 —0.18 —4.71 +2.32 87
2b 4.31 +1.10 3.09 —0.37 1.29 —0.52 1.98 +0.21 —2.05 +1.78 71 0
3b 4.61 +0.28 5.14 —0.49 0.69 +0.12 0.81 +0.22 —2.03 +0.43 87 —2
4C 3.66 +0.94 2.08 +0.32 0.92 —0.09 0.92 +0.12 —0.26 +0.59 104 —23
5b 4.03 +0.37 1.50 —0.42 0.57 —0.09 0.62 +0.70 +1.34 +0.18 89 —10
6c 4.49 —0.55 2.00 +0.51 1.55 —0.17 0.60 —0.02 +0.38 —0.87 104 0
7c 4.41 —0.27 2.17 —2.09 0.77 —0,12 2.06 +0.48 —0.59 +1.46 77 —12
gb 3.88 +0.94 2.30 +0.10 1.24 —0.66 2.06 +0.69 —1.72 +0.81 100 —5
9C 4.30 +0.21 3.52 —0.39 1.26 +0.03 0.56 —0.12 '—1.04 +0.69 48 —6
iOC 3.51 +0.84 2.57 +0.65 0.77 +0.17 0.52 +0.19 —0.35 —0.17 111 +8l1 2.74 +0.37 0.83 —0.36 0.80 —0.08 0.84 —0.50 +0.27 +1.31 78 —7
12b 5.07 1.34 +0.69 1.42 +0.23 1.86 —0.80 +0.45 +0.14 69 +15
13b 4.33 +0.27 3.98 —1.22 1.00 —0.21 1.62 —0.13 —2.27 +1.83 47 —7
14b 4.29 +0.73 2.57 —0.49 1.55 +0.52 1.34 +0.01 —1.17 +0.69 65 —19
Mean 4.14 +0.47 2.83 —0.32 1.06 —0.07 1.24 +0.06 —0.98 +0.80 81
SEM +0.08 +0.41 +0.23 +5
Abbreviations: I = nitrogen intake; U = urea nitrogen appearance; NUUN = non-urea urinary nitrogen; F = fecal nitrogen; bN =
nitrogen balance; SUN = serum urea nitrogen.
Patient received amino acid supplements.
Patient received keto- and hydroxy acid supplements.
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gen balance in each patient (Fig. 1, r =
—0.696, P <
0.01).
It was surprising that fecal nitrogen did not change
significantly during the antibiotic period, in spite of
the administration of doses of nonabsorbable amino-
glycoside antibiotics containing, on the average,
0.5 g of N/day. Although kanamycin and neomycin
are reported to be present in high concentrations in
feces following oral doses [15, 161, we were unable to
recover the drugs quantitatively using either of two
methods. This implies that there had been in-
activation of the drugs in the stool, possibly during
the five days of stool collection before it was analyzed
for antibiotic content. Since total fecal nitrogen did
not change during the antibiotic period, non-drug
fecal nitrogen must have decreased. This decrease
apparently accounted for about half of the improve-
ment in nitrogen balance during the oral antibiotic
periods.
We examined subgroups of patients to determine if
improvement in nitrogen balance was associated with
a specific therapy. The differences in nitrogen balance
shown in Table 2 are between patients taking neo-
mycin or kanamycin, essential amino acids or the
analogue mixture, as well as between those patients
3
I I I
—2 —1 0 1
Change in urea N appearance
g/day
Fig. 1. The relationship between the change in urea nitrogen appear-
ance and the change in nitrogen balance for each patient during the
antibiotic period. When analyzed by linear regression there was a
significant correlation between these quantities (r = —0.696, P <
0.01).
who had suppression of ureolysis and those who did
not [13]. None of these differences was significant.
Thus, a trend for nitrogen balance to improve more
frequently in patients receiving neomycin, or essential
amino acids, or in those with suppression of ureolysis
cannot be established in these small groups of
patients. Some information may be gained from this
analysis, however. The improvement in nitrogen bal-
ance observed in the patients in whom ureolysis was
suppressed confirms the conclusion of the accom-
panying paper [13], that nitrogen derived from urea is
not used for synthesis of non-essential amino acids or
for amination of amino acid analogues by patients
with uremia.
Discussion
The results of this study show that oral neomycin
and kanamycin improved nitrogen balance in twelve
of fourteen patients with severe chronic uremia re-
ceiving nutritional therapy. In the group as a whole,
no statistically significant change during antibiotics
was detected in the urinary excretion of nitrogenous
substances, including urea, uric acid, or creatinine.
Total fecal nitrogen also failed to change signifi-
cantly, suggesting that fecal nitrogen not attributable
to unabsorbed drug must have fallen.
The negative correlation between individual
changes in urea appearance and nitrogen balance
may be explained as follows: Although the mean
change in all three components of nitrogen excretion
was insignificantly different from zero, the mean
change, when calculated without regard for sign, was
far greater in the case of urea nitrogen appearance
(U) (0.65 0.13 g/day) than in non-urea urinary
nitrogen (NUUN) (0.23 0.05 g/day), or fecal nitro-
Table 2. Analysis of subgroups of patients with respect to
antibiotic-induced changes in nitrogen balance
Change in
nitrogen
balance
g of N/day
Neomycin vs. kanamycin treatment:
neomycin, N 8
kanamycin, N = 6
difference
Essentialamino acid vs. analogue supplements:
amino acid, N = 7
analogue, N = 7
difference
Suppressed vs. non-suppressed urea degradation.
suppressed, N = 6
non-suppressed, N = 8
difference
0.85 + 0.24
0.74 0.47
0.11
0.91 ÷ 0.31
0.69 0.36
0.22 0.48 (NS)
0.93 0.15
0.77 0.40
0.16 0.43 (NS)
.
.
.
2-
.
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gen (F) (0.31 + 0.07 g/day). Since nitrogen balance,
bN, is calculated as
bN = I - U - NUUN - F,
where I = nitrogen intake, it is not surprising that
fluctuations in U are correlated with fluctuations in
bN. Thus, as expected, there was no significant corre-
lation between change in nitrogen balance and
change in excretion of non-urea urinary nitrogen or
fecal nitrogen.
In the absence of renal failure, the most striking
effect of antibiotics on nitrogen metabolism is stimu-
lation of growth. In numerous (though not all) stud-
ies of growing animals of various species, antibiotics
have been shown to promote growth and feed effi-
ciency [17—20]. The mechanism remains unclear, but
the effect is most pronounced in animals receiving a
restricted intake of total nitrogen or of individual
essential amino acids [21, 22]. There is evidence that
intestinal absorption of amino acids is increased by
antibiotics [23, 24]; on the other hand, fecal nitrogen
may increase, apparently as a result of impaired re-
covery of proteins contained in gastrointestinal secre-
tions, which are normally degraded to some degree
by intestinal bacteria [6].
The effect of antibiotics on growth is also demon-
strable in man. For example, weight gain in pre-
mature infants given antibiotics increased in com-
parison to infants who did not receive antibiotics [2,
3]. School age children receiving daily streptomycin,
penicillin, or tetracycline exhibited improved growth
[4]. Similar observations have been made in children
subsisting on diets low in protein [1]. In addition,
Haight and Pierce showed greater weight gain of
naval recruits receiving antibiotics than in similar
control groups [5].
Although it is generally assumed that the effects of
antibiotics on growth are in some way related to
reduced bacterial population of the intestines, neo-
mycin has been reported to cause intestinal mucosal
changes [25] and malabsorption [26, 27] in man. On
the other hand, neomycin has also been reported to
promote growth in germ-free animals [28], possibly
by modifying transport properties of the gut through
a mucosal effect. The intestines of germ-free animals
are morphologically distinct from conventional ani-
mals due to decreased surface area of the villi, de-
creased cell mass, and rate of cell turnover [29—3 1].
Antibiotics may induce similar changes in intestinal
histology [32, 33]. Visek [9] has suggested that am-
monia produced in the intestinal lumen may be re-
sponsible for stimulating the turnover of mucosal
cells, and that nitrogen requirements might thus di-
minish following antibiotic administration.
Aminoglycoside antibiotics could also affect nitro-
gen balance by altering the bacterial production of
compounds adversely affecting nitrogen metabolism.
For example, aliphatic amines are apparently pro-
duced by the action of intestinal bacteria on choline
and lecithin, from the diet and from bile. Aliphatic
amines accumulate in uremia, and may alter metabo-
lism or induce cytoplasmic changes [10]. Other such
products are phenols, produced by intestinal bacte-
rial action on tyrosine and phenylalanine, and indolic
acids [Il, 34].
Whatever the mechanism, it is clear from the pres-
ent studies that neomycin and kanamycin can im-
prove nitrogen balance significantly in severe chronic
uremic patients receiving nutritional therapy. Long-
term outpatient therapy with these drugs without
daily measurements of plasma drug concentrations as
a safeguard against toxicity would be hazardous.
Further studies will be necessary to determine
whether a similar anabolic effect will be observed
with antibiotics of less potential toxicity. If such drug
effects are found, this approach may be useful in the
treatment of patients with severe chronic renal fail-
ure.
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